Abstract. This paper presents a new system for speed control in wind turbines, the "Electromagnetic Frequency Regulator" -(EFR). One of the most used devices in some topologies to perform the speed control are boxes of mechanical gears, plus a short shelf life, often represent sources of noise and defects. The EFR eliminates the use of these gearboxes, representing a technological breakthrough, making use of a machine adapted induction, where the then known stator of the machine becomes mobile, sympathetic to the turbine shaft. The aim of this study is to evaluate through simulations, efficiency in the speed control for wind variations and reference signals. Simulations showed good results, validating the proposed.
Introduction
Rising demand for electricity is steadily increasing, contributing to the increase in environmental impact. It is necessary to invest in renewable energy. Among these sources, wind energy has taken great prominence by promoting the constant search for improvement of the technologies involved in the topologies of wind turbines, particularly in the issue of working with the variable wind speed, seeking a higher yield of the system [1] . According to the state of the art, wind turbines known as "variable speed" or "constant speed" are used. The first depend on electronics conversion systems to couple the turbine to the grid, which causes operational limitations when injecting energy produced into the grid, because of the voltage oscillations and quality of energy produced. In addition, both depend on the voltages of the mains, being disconnected when it ceases to operate due to a fault [2] . As examples of these types of wind turbines there are those who use Doubly-Fed Induction Generators (DFIG) and the multipole synchronous generators. The constant speed wind turbines with greater reason require a mechanical system (speed multiplier) for compatibility with the speed of the turbine and the required to the generator connected to mains. As an example, we have the cage induction generator, described in [3] . In it, the stator is connected directly to the mains and, due to the low number of poles, a speed gearbox is required. This fixed speed is determined by the frequency of the mains and the load variation. Analyzing the existing topologies, none provide the isolated operation and can be noted that one of the most important issues in the conversion of wind energy system for trans-formation of electric energy is the speed control [4] . It interferes directly in the frequency of the electricity generated, the power quality at the connection point between the park and the mains and the use of the kinetic energy of the wind turbine. The speed multipliers, which seek to ensure your output synchronous speed required by the generator, involve very sophisticated technology and difficult access information, have shorter lifespan than other components of the wind turbine and often represent sources of noise and defects as explained in [5] . Due to this importance, several studies seek to increase the efficiency, lifetime and develop even more the technology of these multipliers. In one of these studies [6] , the transmition gear is built as a dynamic multiplier, comprising a gearbox having a fixed ratio and a second gearbox with a hydrodynamic system. [7] analyze the effects of the traditional gear system, known as an epicyclic gear or planetary gear system. An-other technology, discussed in [8] , working with a maximum power tracking algorithm at a variable electricity transmission system. In the automotive field, there are related studies on Continuously Variable Transmissions (CVTs), which is able to continuously vary speed through an 'infinite' number of gear ratios [4] . The purpose of this paper is to contribute with a new speed controller for wind turbines and validate its effectiveness through simulations, developing a machine that resembles an induction machine and allows the system to work with variable wind speed, keeping constant the output speed of the proposed system, performing, for that, a speed control, dispensing the use of the traditional gearbox. For this purpose, a frequency inverter is connected to the machine, injecting currents to produce a rotating field armature, mainly responsible for speed control. This paper has the following sequence: Section II will address the concepts of the proposed topology; in Section III aspects of modeling the aerodynamic model of the turbine and the proposed machine are presented; Section IV is presented the strategy used to the speed control and, in Section V, simulation results are presented. Finally, in Section VI, the conclusions are discussed. Figure 1 illustrates the proposed system. The electromagnetic frequency regulator -EFR resembles an induction machine with a squirrel cage rotor, with three phase armature winding located in the part of machine known as the stator, since in a conventional machine this part is static. However, in this case, the armature winding rotates jointly with the axis of the wind turbine being named in this paper as asynchronous rotor, supported by bearings. The reference system between the synchronous rotor and asynchronous rotor remains equivalent to a conventional induction machine, widely found in literature. However, the relative positioning between the synchronous rotor and the fixed reference axis becomes different from the conventional one, once the asynchronous rotor undergoes a displacement speed due to the turbine speed. Thus, it can be seen that the stationary fields between the asynchronous and synchronous rotor remains, essential condition for the maintainance of the electromagnetic torque that drives the synchronous rotor. Analyzing the Equation 1, can be seen that for zero wind speed, is used the traditional system of reference, with the asynchronous rotor field vector equal to the rotating field vector of the injected currents, with that the rotor speed field equals to the synchronous rotor speed.
Description of the System
The electric drive access to the armature of the adapted machine, or electromagnetic frequency regulator, occurs through brushes and collector rings. The asynchronous rotor, contains the opening in which turns the squirrel cage rotor, separated from the armature by the air gap. Thus, the squirrel cage synchronous rotor rotates jointly with the chosen generator, at synchronous speed. With this, the EFR shall perform the function of speed control, replacing the currently known gearbox, constituting the electromagnetic frequency regulator. The patent application prototype is under review at the INPI (National Institute of Industrial Property), with the register number: BR 10 2014 0050 59 0. The fabrication of the prototype was started and the EFR parameters are presented in Tables I, those were used in the simulation fase. The physical structure of the prototype EFR is shown schematically in Figure 3 . DC motor will perform the role of the wind turbine. Fig. 3 . Schematic diagram of the prototype -physical detail. 
System Modeling
This section presents the turbine and EFR aerodynamic model.
A. Aerodynamic Model Turbines
The mechanical power of a wind turbine is obtained from the following equation [9] :
where ρ is the air density, R is the length of the propeller blades; 
where i λ is obtained from: 
and λ is the ratio between the tips of the propeller blades linear speed and the wind speed being obtained by:
where v w is the angular speed of the turbine outlet, β is the step angle of the blades and W v is the wind speed.
B. EFR
The voltages and flux armature of a conventional balanced three-phase induction machine can be represented in αβ components (Clark Transformation) with the reference on the stator by the following equations [10] :
For the rotor, also in αβ components: 
In (6) - (9), , , and Using Park Transformation voltages and flux on the stator are obtained for the biphasic system with rotating dq axes, on the stator reference:
and the voltages and flux in the rotor to the biphasic system with rotating dq axes:
where in (10) where H represents the moment of inertia of the overall assembly, P is the number of pole, J represents the frictional component of the overall assembly, T EFR is the output torque of the ERF and T e is the resulting electrical torque of the generator chosen connected to the axis. The mechanical output torque EFR is given by the sum of the electromagnetic torque produced by the adapted induction machine to the torque produced by the turbine, defined by:
Control Strategy
The type sizes to be used for the different parts in the paper are shown in Table I . In this work was used the vector control method. This method decomposes the stator current in two vectors: one that produces the magnetizing flux and another that produces the torque, regulating them separately [11] . This control allows to achieve a high degree of accuracy and speed in the torque and speed control. Among the techniques of vector control for asynchronous machines found in the literature [12] , the control technique used was the quadrature control with the rotor flux reference.
Using (12) and (13) can be written the following dynamic equation for a generic framework, indicated by the superscript "g", relating the rotor flux and stator current: . . .
. . The purpose of the speed control system is to keep the speed constant synchronous rotor and a value of 377 rad / s, the velocity reference. The Figure 4 shows the block diagram for the control strategy of the system. The electromagnetic torque reference ( * e T ) is calculated from a PI controller, the resulting error signal between the reference speed and the synchronous speed of rotation of rotor. From the readings of current and voltage signals of the asynchronous rotor, is calculated the rotor flux and the angle reference which will be used to calculate the reference currents. PI controllers were also used for the reference signals of the PWM converter. 
Results of Simulation
This section aims to analyze through simulation the performance of the system as to the speed control. Two steps of simulations were performed, detailed below. All simulations were performed over time.
A. Variable Wind Speed and Constant Reference
The graph in Figure 5 represents the behavior of the power injected into the system by the wind turbine, an approxi-mated value of 1200 W, with variations in step and ramp. Figure 6 is a graph of the final speed of rotation of the synchronous rotor with respect to the reference reaching the expected value of 377 rad/sec. As noted, the system shows sign of zero steady state error, as illustrated by the graph in Figure 7 . 
B. Wind Speed Constant and Variable Reference
In this simulation step, was evaluated the system performance to value changes of the reference speed in +/-5% over the 377 rad/s value, maintaining a power input of the turbine on a constant-value equal to 1200 W. The graphs of Figure 9 and Figure 10 represent the rotational speed of the synchronous rotor with respect to the variation of the reference signal and the variations of the error signal, respectively. It can be seen that once again the system performed well the speed control. 
Conclusion
Given the above, it is concluded that the proposed topology presents satisfactory results of simulations. The speed control system was efficient for variations of wind power injected to reference constant speed and also for constant winds with variations of the reference value, with zero steady state error. The presented system eliminates the use of gearboxes, replaced by EFR, representing a technological breakthrough. The parameters used in the simulation had been validated and used as the basis for manufacturing the prototype.
